Introduction
Approximately 35% of all patients with inflammatory bowel disease (IBD) present with chronic abdominal pain [11, 12] . Chronic pain is known to result in functional and structural changes in the brain [1] [2] [3] [4] [5] [6] [7] . Imaging studies identified a hyperexcitability in pain-associated brain areas [2] [3] [4] [5] 7] including the limbic system, somatosensory cortex, and insula, which are part of the so-called "pain-matrix" [8] [9] [10] . Only few studies investigated magnetic resonance imaging (MRI) changes in patients with IBD and abdominal pain. One study using resting-state functional MRI found that Crohn's disease (CD) patients exhibited lower values in regional homogeneity in the insula, cingulate cortex, and supplementary motor area [11] . Thomann et al. found an abnormal connectivity in the so-called default mode network in CD [12] .
Transcranial direct current stimulation (tDCS), a non-invasive brain stimulation technique,
showed to significantly reduce chronic abdominal pain in IBD [13] . While the above-mentioned cross-sectional studies demonstrated changes in MRI, no longitudinal study to date assessed if tDCS affects brain plasticity and function in patients with IBD. Therefore, we investigated functional/structural brain changes in IBD patients with chronic abdominal pain undergoing a central pain therapy with tDCS.
Methods
This trial was designed in a double-blinded, randomized, placebo-controlled, parallel designed way (ClinicalTrials.gov_Identifier: NCT02433470). The study conformed to the Declaration of Helsinki and was approved by an ethic committee. Patients completed baseline assessments, 2 MRI scans (before and after therapy), 5-day tDCS (either anodal or placebo) and a follow-up evaluation (S_Figure_1). tDCS protocol, pain and other assessments has been described before [13] . scanner with a 32-channel head coil. Exact MRI protocols were previously described [14] .
Following sequences were acquired: (i) High-resolution 3D T1-weighted MRI scans using a magnetization-prepared rapid gradient echo sequence; (ii) diffusion tensor imaging sequences using a single-shot echo-planar imaging sequence; (iii) BOLD resting-state scans using an echo planar imaging sequence; (iv) 1 mm isotropic T2-weighted fluid-attenuated inversion recovery sequence; and (v) T1-and T2-weighted images.
Results
We included 36 patients (mean age: 35.36±12.86 years) with IBD. S_Table_1 summarizes baseline/diseases characteristics.
No significant results in structural MRI were found. However, compared with placebo, the active tDCS group revealed a significantly higher resting-state functional connectivity within the visual medial (p=0.027) and the right frontoparietal network (p=0.048) (S_Table_2). Notably, the cluster of stronger functional connectivity was found in the visual cortex but also in regions outside the visual medial networks including the amygdala, the cingulum, and the insula (Figure_1A). These brain areas reflect parts of the limbic system, which is known to be involved in the integration of pain perception and its corresponding emotions. Additionally, we found a higher functional connectivity of the visual network with the callosal body, the primary motor cortex, and the primary somatosensory cortex. The primary motor cortex was the location of the tDC stimulation, thus, significant results in that brain areas were expected. Within the right frontoparietal network significant higher functional connectivity was found to the cingulum and M A N U S C R I P T 
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Discussion
The MRI studies performed indicated a significantly higher functional connectivity in the visual medial and the right frontoparietal network. Thus, the present study shows for the first time an association of improvement of abdominal pain through tDCS with functional changes of the brain. Moreover, we confirmed the analgesic effect of tDCS [13] on abdominal pain in a novel IBD study cohort. Remarkably, this effect persisted one week(S_Figure_2).
The frontoparietal network is known to be involved in the selection of sensory contents by attention [15] . A study investigating visual cues, which can significantly modulate patient`s pain ratings, found a significant association between the individual ability to modulate pain and pretest functional connectivity between the frontoparietal network and both the anterior cingulate cortex and the prefrontal cortex as pain modulatory regions. [16] . The current literature of the visual network on pain is limited. A study investigating the effect of visually induced analgesia identified several posterior brain areas activated by the visual perception of the body. Functional connectivity between the visual body network (somatosensory area, insula, cingulate cortex) and the pain matrix was increased [17] . One explanation why the visual network was significantly altered in our study is that IBD patients have a tendency to a higher introversion than healthy individuals, which may play a role for a higher activation of this network [18] . However, further studies are needed to investigate the visual network in IBD.
Previous studies investigating fMRI changes in IBD present interesting findings: A study that tested the effects of uncertainty in CD indicated that CD patients had significantly stronger activations in the cingulate cortex, insula, amygdala, and thalamus compared to controls [19] .
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Another study in CD revealed impaired habituation to stressful stimuli and a significant altered activation in the amygdala, the hippocampus, the insula, and putamen [20, 21] . In line, we found a significant higher functional connectivity in the amygdala, the visual cortex, the insula and the primary motor and somatosensory cortices in IBD patients after successful pain treatment. This suggests that these structures are closely related to chronic abdominal pain processing.
This study cannot distinguish between the effects of pain reduction or the tDC stimulation itself.
Nevertheless, it is known that chronic pain is followed by functional reorganization and plastic changes in the brain [1, 2, 4, 6, 22] . The present findings support the notion of impaired functional connectivity in IBD patients with chronic abdominal pain. It has been described before that central chronification mechanisms are based on hyperexcitability in pain-related neuronal networks, which can be "normalized" with tDCS [1] [2] [3] [4] [5] [6] [7] 22] . Anodal tDCS of the motor cortex enhances its excitability and secondarily changes thalamic activity leading to reduced pain perception [3, 22, 23] . A) Shows the sample size of the study (n=36) and the randomization strategy: one third was randomized into the placebo group (n=12) and two thirds of the patients were randomized to the active tDCS treatment arm (n=24). Six patients had to be excluded from MRI analyses, because either patients admitted contraindications after study enrollment (n=2), patients dropped out (n=3), or MRI was defective at day of scan (n=1). B) Illustrates the study design: After completion of study eligibility screening, baseline assessment included MRI scan, pain testing, questionnaires and biomarkers, then a 5-day tDCS therapy followed with pain testing every day.
After the last tDCS session a second MRI scan was performed. At the follow-up evaluation one week after the end of the therapy, pain testing, questionnaires and biomarkers were collected again. 
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